Cold storage is extensively used to slow the rapid deterioration of peach (Prunus persica L. Batsch) fruit after harvest. However, peach fruit subjected to long periods of cold storage develop chilling injury (CI) symptoms. Post-harvest heat treatment (HT) of peach fruit prior to cold storage is effective in reducing some CI symptoms, maintaining fruit quality, preventing softening and controlling post-harvest diseases. To identify the molecular changes induced by HT, which may be associated to CI protection, the differential transcriptome of peach fruit subjected to HT was characterized by the differential display technique. A total of 127 differentially expressed unigenes (DEUs), with a presence-absence pattern, were identified comparing peach fruit ripening at 20uC with those exposed to a 39uC-HT for 3 days. The 127 DEUs were divided into four expression profile clusters, among which the heat-induced (47%) and heat-repressed (36%) groups resulted the most represented, including genes with unknown function, or involved in protein modification, transcription or RNA metabolism. Considering the CI-protection induced by HT, 23-heat-responsive genes were selected and analyzed during and after short-term cold storage of peach fruit. More than 90% of the genes selected resulted modified by cold, from which nearly 60% followed the same and nearly 40% opposite response to heat and cold. Moreover, by using available Arabidopsis microarray data, it was found that nearly 70% of the peach-heat responsive genes also respond to cold in Arabidopsis, either following the same trend or showing an opposite response. Overall, the high number of common responsive genes to heat and cold identified in the present work indicates that HT of peach fruit after harvest induces a cold response involving complex cellular processes; identifying genes that are involved in the better preparation of peach fruit for cold-storage and unraveling the basis for the CI protection induced by HT. Citation: Lauxmann MA, Brun B, Borsani J, Bustamante CA, Budde CO, et al. (2012) Transcriptomic Profiling during the Post-Harvest of Heat-Treated Dixiland Prunus persica Fruits: Common and Distinct Response to Heat and Cold. PLoS ONE 7(12): e51052.
Introduction
Peach (Prunus persica L. Batsch) is one of the most popular fruit in the world due to its high nutritional value and pleasant flavor. After harvest, cold storage is extensively used to slow the rapid deterioration of this fruit at ambient temperature since it reduces enzymatic activity and slows down the respiratory rhythm, allowing the shipping and marketing. Nonetheless, peach fruits that are subjected to long periods of cold storage develop chilling injury (CI) symptoms [1] . Internal and external browning, lack of juiciness (mealiness or woolliness), flesh break-down, black pit cavity, loss of flavor and inability to ripen, are some of the CI symptoms. Remarkably, CI disorders usually become visible when fruits reach the consumers, turning fruits unpalatable and leading to consumer rejection.
Several studies have investigated the biochemical basis of CI disorders in peach by analyzing transcriptomic changes under cold storage. For this, macroarray [2] and microarray technology [3, 4] and EST transcript profiling [5] of peach fruit under different cold storage conditions allowed the identification of cold-responsive genes that may be involved in the development of some CI disorders. In addition, previous studies on cell wall-modifying enzymes under cold storage of peach revealed the importance of pectin metabolism in the generation of CI disorders [6] . Besides, proteomic analysis of peach fruit under CI-induced storage was also performed. By this technique, thaumantin-like proteins [7] and proteins involved in stress response [8] were postulated as playing roles in the protection against CI. Moreover, proteins involved in membrane stability were identified [9] , reinforcing the role of lipid unsaturation in the acquisition of chilling tolerance in peach fruit [10, 11] .
In order to alleviate CI symptoms and extent fruit post-harvest life, a wide variety of different pre-or post-harvest treatments have been applied to peach. Heat treatments (HT), controlled atmosphere storage, or application of chemical compounds (as salicylic acid, methyl jasmonate, c-aminobutyric acid or gibberellic acid) have been successfully used alone or in combination when applied prior to cold-storage [12] [13] [14] [15] [16] [17] [18] [19] [20] . Among the wide variety of treatments, HT is one of the most extensively studied procedure [21] [22] [23] [24] [25] [26] [27] [28] [29] . Moreover, HT represents a feasible treatment for commercial application, being also effective for managing postharvest decay [30] . Other relevant feature of HT is that, although it delays the ripening process, ripening is recovered upon return to moderate temperature, with minor changes in biochemical processes [14, 31] .
One way to address the molecular mechanisms associated to CI protection is the analysis of the molecular changes associated to a treatment that avoids or decreases CI symptoms. In this regard, it has been shown that the alleviation of some of the CI symptoms by the application of some chemical compounds is linked to the induction of antioxidant systems or Heat Shock proteins (HSPs) [12, [17] [18] [19] . With regards to HT, proteomic studies have identified induced or repressed proteins by this treatment, which may be involved in CI protection when this treatment precedes the following chilling [14, 32] . However, the transcriptomic changes induced by HT that leads to the protecting mechanisms against CI have not been analyzed yet and may be useful in the understanding of the molecular networks induced by HT. Thus, in the present study, the differential transcriptome of Dixiland peaches subjected to a three-day-HT at 39uC after harvest [14] was characterized by the differential display (DD) technique. More than one hundred genes with differential pattern of expression, which are involved in diverse biological processes, were identified. These genes were further analyzed regarding their expression in cold-treated peach fruit and Arabidopsis, identifying several genes that converge in the response to heat and cold signals and that are thus involved in the CI protection induced by HT. The biological implications of HT post-harvest technology applied to CI protective mechanism are discussed for specific identified genes.
Results

Differential Transcript Level after Heat Treatment of Dixiland Peach Fruit
In the present work, the differential transcriptome of Dixiland peach fruit was analyzed by comparing six different samples ( Figure 1A ): harvest time (H); after 3 and 7 days along the normal ripening process at 20uC (H3 and H7, respectively); after the application of a heat treatment of 39uC for 3 days (HT); and after 3 and 7 days at 20uC after the heat treatment (HT3 and HT7, respectively). The principal quality parameters of the different peach samples are indicated in Table S1 . A total of 145 differential expressed transcripts (DETs), ranging in size from approximately 100 to 800 bp and showing a presence-absence pattern, were successfully isolated and sequenced. Over-represented DETs were organized as contigs to eliminate redundancy giving a total of 127 unigenes that are differential expressed (DEUs) among the analyzed samples.
Clustering Analysis of the Differential Expressed Unigenes
The expression patterns of the DEUs identified were binary typified, assigning the number one (1) to the presence of the transcript in a particular post-harvest condition and zero (0) to the absence of it (Table 1) . Thus, each binary-coded pattern consisted of a six-number sequence; the first three numbers represent the absence (0) or presence (1) at harvest and during the control ripening conditions (H, H3 and H7, respectively) and the last three ones indicate the absence (0) or presence (1) after the application of HT and along the ripening after the treatment (HT, HT3 and HT7). By using this binary coded-pattern, 15 different expression patterns were detected among the 127 DEUs (Table 1) .
The 127 DEUs were further divided into four different clusters ( Table 1 ). The ''Induced Group (IG)'' represents the 47% of the total differential transcriptome ( Figure 1B ). It is composed of 60 unigenes that are induced by the applied HT, that is, they depict a presence or ''up regulation'' expressional pattern (000100, 001111, 000111, 000011 and 001100) after HT ( Table 1) . The second group, the ''Repressed Group (RG)'' represents the 36% of the total differential transcriptome ( Figure 1B ). This cluster is formed by 45 unigenes that are repressed upon the applied HT, having an absence or ''down regulation'' expressional pattern (111011, 00100, 011000 and 111000) ( Table 1) . Together, the induced and repressed clusters, account for the 83% (105 unigenes) of the differential post-harvest transcriptome. This important group of unigenes represents the ''heat-responsive genes'' (Tables 2 and 3 ). The third group, ''Other-pattern Group (OG)'' includes those unigenes that although they have differential transcriptional profiles, they are not induced or repressed by the applied treatment during the post-harvest lifetime. The OG represents 10% of the total differential transcriptome ( Figure 1B ) and includes 9 unigenes whose differential expressional profiles remain unchanged upon the HT in comparison with fruits of the same post-harvest age or unigenes that are delayed by the applied treatment (100100, 010010, 001010 and 011111) ( Tables 1 and 4 ). The four unigenes with the expressional profile 000001 are also included into this cluster (Table 4 ). This pattern can not be exclusively associated to the HT itself since at HT7 lifetime peach fruits may undergo the senescence process instead of the ripening one(10 days after harvest, Figure 1A ). The fourth cluster (Harvest Group ''HG'') includes those differentially expressed unigenes that are expressed only at the harvest stage (expressional pattern 100000) representing only 7% of the total differential transcriptome ( Figure 1B , Tables 1 and 5 ).
Functional Classification of the Differential Expressed Unigenes
The query of the identified sequences on non-redundant databases (NCBI, ESTreeDB and TAIR) allowed to the attribution of 127 successfully BLAST hits. The functional identity of the isolated DEUs from the four clusters is depicted in Tables 2, 3, 4 and 5 taking into account the best (smallest output e-value) BLASTn hits for each cloned sequence.
The unigenes included in the IG and RG groups represent the heat-responsive genes in post-harvested peach fruits. Functional Gene-Ontology (GO) classification was performed to take an insight into the general biological processes and molecular functions that these heat-modified genes may have in the context of the post-harvest treatment. According to the histogram of frequency for the ''biological process'' classification, there are four high-representative groups of expression among the 25 total functional groups ( Figure 2A) . The most important one is the one with unknown function that it is composed of 30 unigenes (14 upregulated and 16 down-regulated unigenes). This group is followed by two groups with fewer representatives, however, with higher frequency of appearance compared to the other 22 functional groups. These two clusters are involved in processes related to protein modification and transcription or RNA metabolism. Interestingly, the fourth most representative group (7 unigenes) is composed only of induced unigenes and gathered those genes involved in the response to cold, heat and freezing. Table S2 includes a table with detailed information about the unigenes that compose each functional group of expression, based on Gene Ontology (GO) annotation determined by the ''biological process'' term assigned to the most similar Arabidopsis protein.
Concerning the ''molecular function'' GO-terms there are 34 different functional clusters ( Figure 2B ). The most representative group is the one with ''unknown molecular function'', having a total of 25 unigenes (9 up-regulated and 16 downregulated). However, clusters related to transcription factor activity, DNA and protein binding and kinase activity are also highly represented in comparison with the other 29 functional groups. The unigene composition of each cluster, determined by the ''molecular function'' term assigned to the most similar Arabidopsis protein, is presented in a table in Table S3 .
Besides, GO annotation for each peach heat responsive unigene was assessed by using the Blast2GO software. For some unigenes with unknown ''biological process'' or ''molecular function'' to the most similar Arabidopsis protein (Tables S2  and S3 ), some probable GO annotations were found, which are indicated in Table S4 .
Validation of the Differential Display Results through Quantitative Real-time PCR
The transcriptional profiles obtained by the differential display technique were validated by quantifying the expression of 15 randomly chosen unigenes ( Figure 3 ). Eight unigenes from the IG (I3, I4, I10, I11, I16, I18, I23 and I60), four from the RG (R2, R7, R8 and R12) and three from OG (O1, O3 and O9) were analyzed. Statistical analysis confirmed the significant differences in the relative level of expression of the unigenes chosen among the post-harvest samples included in the transcriptomic studies.
Analysis of Heat Responsive Genes in Cold-treated Peach Fruits
Considering the protection against CI induced by HT, nearly 22% of the total heat responsive genes (Tables 2 and 3) were selected to analyze their responsiveness to cold in peach fruit. For this, a similar % of sequences from the Induced and Repressed Groups were selected randomly, in order to analyze the Figure 1 . Treatments of peach fruits and clustering of the differential transcriptome. A. Schematic representation of Dixiland peach fruit samples employed for the transcriptomic analysis. The differential transcriptome was obtained comparing fruits at six different stages: harvest time (H); after 3 and 7 days of harvest (H3 and H7, respectively) along the normal ripening process (light blue arrows) at 20uC; after the application of a heat treatment (upper red arrow) of 39uC during 3 days (HT) and after 3 and 7 days (HT3 and HT7, respectively) at 20uC after the heat treatment (lower red arrows) at 20uC. Both H3 and HT fruits have the same post-harvest lifetime. H7 and HT3 fruits have approximately the same post-harvest lifetime. However, HT7 fruits have no control counterparts of the same post-harvest lifetime. Crossed circles indicate the time-points of sample collection for the analysis. B. Pie chart representing the four clusters of unigenes of the differential transcriptome. Induced-and repressedupon-heat-treatment unigenes were classified according to their expressional pattern ( Table 1 ) and gathered into the IG and RG, respectively. These clusters represent 83% of the differential post-harvest transcriptome. OG includes unigenes whose differential expression pattern can not be related to the applied treatment. HG includes unigenes expressed at harvest stage and that are repressed during the ripening of fruits. doi:10.1371/journal.pone.0051052.g001 convergence of heat and cold signals in diverse biological processes. Thus, 23-heat responsive genes, 14 from the IG and 9 from the RG, were analyzed in peach fruit subjected to short-term cold storage for 3 (R3) or 5 days at 0uC (R5). Cold storage may affect post-translational and post-transcriptional processes, with changes in transcript expression being noticeable only after cold removal. Therefore, in addition to cold storage (R3 and R5), the response of these peach heat responsive genes was also evaluated after transferring the 5 day-cold stored fruits (R5) to 20uC for 2 days (R5+2).
From the 14 transcripts selected from the heat-IG, 10 transcripts (I4, I11, I12, I16, I23, I45, I46, I51, I53 and I60) resulted induced by the cold treatment, either during storage at 0uC or after transfer to 20uC ( Figure 4 ). Besides, only one transcript was not modified (I42), while the other 3 (I3, I10 and I18) resulted repressed by the cold treatment ( Figure 4 ); thus displaying an opposite response to heat and cold.
On the other hand, from the 9 transcripts selected from the heat-RG, only one (R14) was not modified by the cold treatment ( Figure 5 ). Two transcripts (R7 and R44) resulted repressed under cold storage at 0uC or after transfer to 20uC, while 5 transcripts (R8, R12, R20, R36 and R42) resulted increased by the cold treatment ( Figure 5 ). One transcript (R2) resulted induced by cold storage for 5 days, but repressed when the fruits were transferred to 20uC for 2 days ( Figure 5 ).
In silico Analysis of Peach Heat Responsive Genes Regarding their Response to Cold Treatment in Arabidopsis
The heat-responsive genes in post-harvested peach fruits identified in the present work were also in silico analyzed regarding their response to cold in Arabidopsis. For this, Arabidopsis orthologs of the identified peach heat-responsive genes (IG and RG groups, Tables 2 and 3) were analyzed using the Cold Array Data Base [33] . Among the Arabidopsis's orthologs to the peach heat responsive genes, a high percentage (nearly 70%, Figure 6 ) responds to cold ( Figure 6 ). From these, nearly 40% of the Arabidopsis's orthologs from both the IG and RG genes of peach fruit were regulated following the same trend by cold in Arabidopsis vegetative tissues (38% in the case of induced genes and 43% in the case of repressed genes; Figure 6 ). On the other hand, nearly 30% of Arabidopsis's orthologs to the heat responsive genes from peach fruit had opposite response to cold in Arabidopsis vegetative tissues (upregulated in peach but down-regulated in Arabidopsis and vice versa; Figure 6 ). Finally, nearly 30% of the Arabidopsis's orthologs of heat responsive genes in peach did not respond to cold treatment in Arabidopsis vegetative tissue ( Figure 6 ).
Discussion
Heat Treatment of Dixiland Peach Fruit Produces a Drastic Change in the Transcriptome with a High Impact on Protein and RNA Metabolism
Heat treatment is feasible for commercial application to post-harvest treatment of stone fruit and has shown to be sufficiently effective in controlling post-harvest diseases, reducing CI, maintaining fruit quality and preventing ripening in peach. In the present work, the application of HT (39uC during 3 days) on peach fruits after harvest generated a profound change in the transcriptome, with the identification of a total of 105 heat-responsive genes ( Table 1 ). The functional classification of these genes indicated that those with unknown function are the most represented (nearly 30%, Figure 2 ), highlighting the importance of future detailed analysis of this group. The second most represented group (more than 20%) included genes involved in protein modification, transcription and RNA metabolism ( Figure 2A ). Thus, this group may be responsible for the signal transduction leading to the previously reported proteomic changes upon HT Harvest group (HG) 9 100000 10 9
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R26 JK845790 NM_001254526 Guanine nucleotide-binding protein subunit beta-like protein-like (G. max). [14, 32] . Taking into account the generally low levels of expression of the proteins involved in signal transduction processes, changes in their expression were practically not detected in previous proteomic studies [14, 32] . Among this important group of genes, several transcriptional factors were up-regulated upon HT ( Table 2) . One of them, ZAT12 (I42, Table 2 ) has been proposed to be involved in cold acclimation and in oxidative stress signaling in A. thaliana [33] , and it would be a converging node in different abiotic-stress networks [34] . Other up-regulated transcription factors, such as WRKY40 (I44, Table 2 ), IAA2 (I5, Table 2 ) or NF-YA4 (nuclear transcription factor Y, subunit A-4) (I52, Table 2 ), have been related to plant defense responses [35] , auxin response [36] , or in the modulation of ER stress-induced genes [37] , respectively, and they may be involved in different biological processes that are modified upon HT of peach fruit. Genes that encode for a Doftype zinc finger DNA-binding family protein (I55, Table 2 ) and an S-RNase (I57, Table 2 ) are also up-regulated by HT and related to transcription factors associated to light and defense responses [38] .
RACK1A (Transducin
Other up-regulated genes by HT probably involved in signal transduction include those that encode for helicases (I50, Table 2 ) and a RING finger helicase domain-containing protein (I22, Table 2 ), which Arabidopsis's orthologs are both up-regulated by cold ( Figure 6) . A RNA-binding family protein (I29, Table 2 ) was also up-regulated by HT which, although it is classified as participating in RNA metabolism, it has not been established in which biological process it is involved (Table S2) . Lastly, two genes encoding for zinc finger domaincontaining proteins (I6 and I13, Table 2 ) are up-regulated by HT, although their biological function is unknown yet. In agreement with previous work that indicates that HT induces pathogen protection [30] , several HT-induced genes identified in the present work have been involved in pathogen-response ( Table 2 ).
Heat and Cold Signals: Finding Common and Distinct Responses Related to Heat-induced Chilling Injury Protection
Previous transcriptional profiling analyses in peach fruit under cold storage have identified cold-responsive genes from peach mesocarp [3] [4] [5] . Among these cold-induced transcripts it is expected to find out those involved in the protection against the applied cold stress, but also those involved in the development of the CI symptoms, which include mealiness, browning, bleeding and/or loss of flavor [3] . In the present work, the transcriptomic modifications induced by the application of a treatment (HT) that induces CI protection was performed to find out genes involved in cold-protection, avoiding the detection of genes involved in the development of the CI-symptoms. Moreover, the differentially expressed genes upon HT were also analyzed under short-term cold treatment of peach fruit (Figure 4 and 5) , to give an insight into the relationship between heat treatment and protection against CI. Moreover, it is expected that genes modified under short-term cold-storage are more probable related to cold response than to CI, since CI disorders appear after long-term cold storage. The results obtained indicate that more than 90% of the heatresponsive genes analyzed are also modulated by a short -cold exposure, from which nearly 60% show similar trend and nearly 40% the opposite response to heat and cold (Figure 4 and 5) .
On the other hand, the functional characterization of the promoters of genes highly expressed in long term cold storage of peach showed heterologous regulation in Arabidopsis [39] , which was related to the synteny conservation between the Prunus and Arabidopsis genomes [40] . With this in mind, peach heat-responsive genes identified in the present work were also clustered according to their response to cold in Arabidopsis ( Figure 6 ). It is notable the high amount of genes (nearly 70%) that respond to both heat in peach and cold in Arabidopsis. From these genes, nearly 40% respond in the same way in both species and nearly 30% in an opposite manner ( Figure 6 ). 
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The genes identified in the present work, that participate in the response to heat and cold in peach fruit, may be used in the future to design functional proofs for chilling injury susceptibility. For this, more studies on the relevance of these genes are needed, including the assessment of these genes in peach varieties with different susceptibility to chilling injury [4, 7, 41, 42] ; and also in other model fruit species as Solanum lycopersicum, in which coldresponse genes have also been identified [43] .
Overall, although a deeper study of the genes identified in the present study is necessary, it is clear that the HT of peach induces a cold response that involves complex cellular processes. Plants sense cold stress through changes in membrane fluidity, protein and/or nucleic acid conformation leading to a complex transcriptional, post-transcriptional and post-translational regulation, which is critical to acquire cold acclimation [44] . In the present work, it is demonstrated that heat induces CI-protection in peach fruit by the modification of the expression of genes involved in protein modification, transcription and RNA metabolism, as well as a number of proteins with unknown function that need further analysis. The modification in the expression of these genes better prepares peach fruit for the subsequent cold-storage, avoiding the appearance of some CI symptoms.
Conclusions
Acquired stress tolerance in plants is often a result of various stress-response mechanisms that act coordinately or synergistically to prevent cellular damage and to re-establish cellular homeostasis. In this work, the identification of genes modified by heat and cold tries to unravel the basis for the CI protection induced by HT in peach fruit, and highlights molecular candidates with technological application to improve shelf life features of peach fruit.
Materials and Methods
Plant Material
The plant material used for differential RNA display experiments consisted of Prunus persica (L.) Batsch cv Dixiland fruits grown at the Estación Experimental Agropecuaria INTA, San Pedro, Argentina and harvested in 2006 [14, 31] . Quantitative real-time PCR (qRT-PCR) experiments were performed using peach fruits harvested in 2008. Fruits were harvested when their flesh firmness reached 52.166.5 N, corresponding to approximately 90 days after bloom as described by [14] . Immediately after harvest, fruits were manually selected for uniformity of color, size and firmness and divided into two groups: one group was stored in a chamber at 20uC and 90% relative humidity for 7 days (control ripening group) and the other one was held in a chamber at 3961uC and 90% relative humidity for 3 days (heat treatment) followed by 7 days at 20uC (heat treated ripening group). Collected samples consisted of representative mesocarp tissue from different fruits at six different post-harvest conditions from both groups: harvested fruits (designated as H); after 3 and 7 days in the The relative-to-harvest (H) level of accumulation of 14 selected heat-induced transcripts was determined in peach fruit subjected to 3 (R3) or 5 days at 0uC (R5) followed by 2 days at 20uC (R5+2). Gene expression levels were normalized against Arabidopsis thaliana rad50 (gb|AF168748.1|AF168748). Bars with at least one equal letter mean no statistically significant difference (a = 0.05). Cold-induced genes are grouped in green, cold-repressed transcripts in red and the transcript that was not modified by the cold treatment (I42) is in grey. doi:10.1371/journal.pone.0051052.g004 chamber at 20uC (designated as H3 and H7, respectively); harvested fruits subjected to heat treatment during 3 days (designated as HT); 3-day heat-treated fruits after 3 and 7 days at 20uC (designated as HT3 and HT7, respectively) ( Figure 1A) . For the cold treatments, fruits were stored in a chamber at 0uC and 90% relative humidity for 3 (R3) or 5 days (R5) followed by 2 days at 20uC (R5+2). Flesh firmness, soluble solids, ground and pulp color and titratable acidity were determined as previously described in fresh fruits [31] . All the samples were immediately frozen in liquid nitrogen before storing at -80uC until they were used for RNA isolation.
RNA Extraction
Total RNA, from the different studied samples of peach fruits (H, H3, H7, HT, HT3, HT7, R3, R5 and R5+2), was extracted and purified from 4 g of mesocarp tissue according to [45] . For all the samples, the RNA quality was determined by agarose electrophoresis. Additionally, the concentration and purity of each RNA preparation were determined spectrophotometrically. For quantitative real-time RT-PCR (qRT-PCR) studies total RNA was isolated and purified from 4 g of pooled mesocarpic tissue of three fruit in each condition using the method described above. Figure 5 . Heat-repressed unigenes in cold treated peach fruit. The relative-to-harvest (H) level of accumulation of 9 selected heat-repressed transcripts was determined in the peach fruit subjected to 3 (R3) or 5 days at 0uC (R5) followed by 2 days at 20uC (R5+2). Gene expression levels were normalized against Arabidopsis thaliana rad50 (gb|AF168748.1|AF168748). Bars with at least one equal letter mean no statistically significant difference (a = 0.05). Cold-repressed transcripts are grouped in red and cold-induced transcripts in green. The transcript that was not modified by the cold treatment (R14) is in grey; while transcript R2, which resulted induced in R5 but repressed in R5+2, is in yellow. doi:10.1371/journal.pone.0051052.g005
Post-Harvest Peach Fruit Response to Heat and Cold Differential Display Assay Differential display (DD) experiments were performed following the general protocol reported by [46] with some modifications. Eight mg of total RNA were used for the first-strand cDNA synthesis in 20 ml reactions containing 100 mM dNTP, 0.01 M DTT, 200 U of SuperScript II reverse transcriptase (Invitrogen) and 5 mM of one-base anchored oligonucleotide. The anchored oligonucleotides employed were named AA, AT, AC and AG and corresponded to sequences 59 T (16) MN 39,  where M was degenerated A, C or G and N was A, C, G or T, respectively. Each of the four anchored primers was used for reverse transcription (RT) reactions for each sample analyzed. RT reactions were performed for 60 min at 38uC followed by a final enzyme inactivation step at 70uC for 15 min. Aliquots of 1 ml of each of the obtained cDNA sets (previously one-tenth diluted) were subjected to PCR containing the corresponding anchored primer (4 mM) and one of the RAPD-designed decameric random primers (0.8 mM; Table S5 ), 1X Taq activity buffer (Promega), 200 mM dNTPs, 2 U of GoTaq DNA polymerase enzyme (Promega) in a 20 ml final volume. In order to verify the absence of chromosomal DNA in the RNA preparations negative controls including a dilution of the non-reverse-transcribed total RNA were performed. All samples, including controls, were processed in duplicate. The cycle program for the PCR reactions consisted of an initial step of 3 min at 94uC, 40 cycles of 20 s at 94uC, 20 s at 38uC and 30 s at 72uC, followed by a final step of 5 min at 72uC. PCR products were mixed with equal amounts of denaturing loading buffer (95% (w/w) formamide, 10 mM NaOH, 0.05% (w/v) bromophenol, 0.05%(w/v) xylene cyanol) and treated for 3 min at 95uC and 7 ml each were separated on 0.4 mm thick, 5% (w/v) polyacrylamide/ 7.5 M urea/0.5X TBE (44 mM Tris-HCl, pH 8.0, 36 mM boric acid, 50 mM EDTA) sequencing gels (Electrophoresis System. DNA Sequencing System. FB-SEQ-3545, Fisher Scientific). Electrophoresis was performed at constant 60 W for 3-4 h.
Separated DNA products were silver-stained following the DNA Silver Staining System procedure (Promega). The presence of a DNA band in the gel in a particular post-harvest condition indicated the expression of the transcript and it was assigned with the number of one (1) in the binary code used for classification (Table 1) . On the contrary, the absence of a band indicated no expression and it was assigned with a zero (0) ( Table 1) . Differentially-expressed transcripts (DETs) were excised from the gel, eluted in a buffer containing 0.5 M ammonium acetate and 1 mM EDTA, pH 8.0, precipitated from the supernatant using ethanol and re-amplified employing the PCR conditions described above. The molecular weight of the DNA bands obtained ranged from 100 bp to 800 bp. A DNA band showing identical intensity among the compared samples was selected to be used as control of equal expression in quantitative PCR validation. Re-amplified DNA fragments were ligated into pGEM-T Easy Vector System (Promega) according to the manufacturer's protocol and transformed into DH5a Escherichia coli. The transformed colonies were selected on LB agar plates supplemented with ampicillin, X-gal and IPTG. Selected clones from white colonies were grown overnight in LB growth media to performed multiple plasmid preparations by mean of the alkaline lysis method using ''QIAprep Spin Miniprep Kit (QIAGEN)''. The presence and size of cDNA inserts were confirmed by restriction analysis using EcoRI enzyme. The recombinant plasmids were finally sequenced by using SP6and T7 promoter sequencing primers at the Macrogen Inc (Korea) facility.
Sequence Analysis and Functional Annotation
Nucleotide sequences retrieved by Macrogen Inc (Korea) were edited to remove vector sequences by using VecScreen analysis software (www.ncbi.nlm.nih.gov/VecScreen). All the cleaned sequences of DETs were analyzed using BLASTN on the basis of the existing annotation of non-redundant databases at: (1) the Figure 6 . Classification of peach-heat-differentially expressed unigenes regarding their response to cold in Arabidopsis. Arabidopsis orthologs to the heat induced and repressed peach genes (Tables 2 and 3 , respectively) were analyzed regarding their response to cold in Arabidopsis using the ColdArrayDB (http://cold.stanford.edu/cgi-bin/data.cgi). Within the induced and repressed peach genes, Arabidopsis orthologs with a foldchange higher than 1.5 in response to cold [33] are classified as induced or repressed, respectively. Genes with an absolute fold-change less than 1.5 are indicated as not modified by cold. doi:10.1371/journal.pone.0051052.g006
National Center of Biotechnology Information (NCBI; http:// www.ncbi.nlm.nih.gov/pubmed/); (2) the Prunus persica EST collection at ESTreeDB database (http://www.itb.cnr.it/estree) [47] ; (3) the TIGR transcript assembly database for all public Prunus persica and plant ESTs, or PlantTA (http://plantta.tigr.org) [48] and (4) The Arabidopsis Information Resource (http://www. arabidopsis.org). Sequences longer than 100 nucleotides were annotated as highly similar to the first BLAST hit when the evalue was lower than 1e 25 . Next, over-represented DET sequences were organized as contigs and all the resulting analyzed DNA sequences were presented as unigenes (Table 1) . Functional classification of the unigenes, identified by DD assay, was performed based on Gene Ontology (GO) annotation determined by the ''biological process'' and ''molecular function'' GO term assigned to the most similar Arabidopsis protein (Tables S2 and S3 ). Blast search and GO annotation of the heat responsive transcripts were also performed using Blast2GO software [49] . Table S4 shows GO identification obtained with this software for some unigenes with unknown ''biological process'' and ''molecular function'' GO annotation.
Quantification of Transcript Levels Using Quantitative Real-time RT-PCR (qRT-PCR) Assay
The validation of the DET transcriptional patterns identified among the studied post-harvest samples was conducted using qRT-PCR amplification. Twelve percent of the identified unigenes were randomly selected for the qRT-PCR assays. Additionally, 23 unigenes were selected for analysis in peach fruits subjected to cold treatment. Gene specific primers (Table S6) were designed to produce amplicons of 140-250 bp length, with the aid of the web-based program ''primer3'' (http://www.frodo. wi.mit.edu/cgi-bin/primer3/primer3_www.cgi). A sequence homologous (e-value = 7e 244 ) to the A. thaliana rad50 (gb|A-F168748.1|AF168748), coding for the DNA repair-recombination protein (RAD50), was used as endogenous reference gene, equally expressed among the studied samples. The PCR primers designed for the reference gene were 59 TGAGCCTCTTCCAAATGCTT 39 for the forward, and 59 ACGGTGGCACAGTCTAAAGG 39 for the reverse, generating a product of 141 bp. First-strand cDNAs, used in the corresponding validation assays, were synthesized with MMLV-reverse transcriptase (Promega) as indicated by the manufacturers, employing 3 mg of total RNA (extracted as described above) and oligo(dT). qRT-PCR assays were prepared in a final volume of 20 ml containing 1X Taq activity buffer (Promega), 200 mM dNTPs, 2.5 mM MgCl 2 , 0.8 U of GoTaq DNA polymerase enzyme (Promega), 0.5 mM of each primer (Table S6) , 0.5X SYBRGreen I (Invitrogen), and 1 ml of a ten-fold dilution of cDNA each. qRT-PCR controls were performed including dilution of non-reverse-transcribed total RNA in order to ensure RNA preparations were free of DNA contamination. The cycling parameters were as follows: an initial denaturation step at 94uC for 2 min; 40 cycles of 96uC for 10 s; 58uC for 15 s; 72uC for 1 min, and 78uC for 1 s to detect fluorescence, and final elongation step at 72uC for 10 min. The high reading plate temperature of 78uC was set to avoid the influence of primer dimers to fluorescence detection. Melting curves for each qRT-PCR reaction were constructed for specific detection of the amplified product by increasing the temperature from 65uC to 98uC. The specificity of the qRT-PCR reactions was also confirmed by analysing the uniqueness of the resulting amplicons separated in a 2% (w/v) non-denatured agarose gel. The Ct values were assayed three times for each of the samples employing at least two independent (three-fruit pooled each) biological samples for each analyzed post-harvest condition. All the reactions were performed in an iCycler iQ detection system (equipped with a 48 well plate) with the Optical System Software version 3.0a (Bio-Rad). All quantifications were normalized to the identified endogenous reference gene (rad50) used as housekeeping gene and amplified in the same conditions. Relative gene expression was calculated using the Comparative 2 2DDCt method [50] . Statistical analyses were carried out using one-way analysis of variance (ANOVA). Significant differences were assessed by the Bonferroni test (a = 0.05) using the Sigma Stat Package.
Analysis of Heat-differential Expressed Genes in the Arabidopsis Cold Array Data Base Arabidopsis orthologs of the identified heat-responsive genes ( Tables 2 and 3 ) were analyzed using the Arabidopsis Cold Array Data Base (ColdArrayDB, http://cold.stanford.edu/cgi-bin/data. cgi). The identified genes with a fold-change higher than 1.5 on the Affymetrix 23 K array [33] were classified as induced or repressed by cold. The experiment of plates containing plants transferred to 4uC and harvested after various time periods was considered for the analysis (ColdArrayDB, http://cold.stanford. edu/cgi-bin/data.cgi).
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(PDF) Table S3 Unigene classification according to their GO ''molecular function'' term assigned to the most similar Arabidopsis protein.
(PDF) Table S4 GO Identification, obtained using the Blas-t2GO software [49] , for some unigenes with unknown ''biological process'' and ''molecular function'' GO annotation (Tables S2 and S3 ). F: Molecular Function; P: Biological Process. (PDF) 
